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Abstract : Induction periods have been m easured for various supersaturated aqueous so lu tion s o f  potassium  dihydrogen orthophosphate  
(KOI*) added separately with glycine and thiourea by the direct vision method Various critical nucleation parameters have been calculated based on the 
cla s^ieal theory for hom ogeneous crystal nucleation. The critical nucleation parameieis increase with the m cicase in concentration o f  impurity in the 
KDM solutions.
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Potassium dihydrogen orthophosphate (abbreviated as KDP), 
KH^PO^, be longs to the  sc a le n o h e d ra l (tw e lv e  - sided  
polyhedron) class o f tetragonal crystal system and has created 
considerable interest among several research workers. It has 
the tciramt^lecular unit cell having the dim ensions 111 given as 
</ = /, = 7.448 A and c = 6.977 A.
The induction period ( r  ) can be measured and used 12, 3] 
to calculate certain critical nucleation parameters like interfacial 
tension of the solid relative to its solution, energy o f formation 
of a critical nucleus, and size o f the nucleus in equilibrium with 
Its solution, based on the classical theory for homogeneous 
eiystal nucleation. Nucleation process is the initial and important 
phenomenon in liquid -  solid phase transition.
In a previous study, we [3] have shown that we cannot 
restrict the shape o f the critical nucleus to a sphere. Our studies 
ammonium dihydrogen orthophosphate (ADP) and urea 
nitrate crystals show that it would be better to consider the 
shape of the critical nucleus as cylindrical than cubic and 
spherical. Recently, Freeda and M ahadevan f41 also found that 
the cylindrical shape is better to be considered.
Joshi and Antony [5] have studied the nucleation kinetics 
pure KDP crystals in aqueous solutions. Effect o f various
types o f inorganic im purities (having and not having any 
common ion with KDP) on the nucleation parameters o f KDP, 
has been studied by several workers 14, 6 - 10). However, no 
attempt has been made so far to study the effect o f organic 
impurities.
We have attempted in the present work, to study the effect 
o f two simple organic compounds, viz. thiourea (CH^N^S) 
and glycine (C.,11,NO.,) as impurities (added in the solution with 
impurity concentration in the range o f 2000  to 10000 ppm i.e. 0.2 
to l.O mole %) on the nucleation parameters o f  KDP. Induction 
periods were m easured for various supersaturated aqueous 
solutions by the direct vision method. Various critical nucleation 
parameters were calculated based on the classical theory for 
hom ogeneous crystal nucleation assum ing the shape o f the 
critical nucleus as cylindrical. AG is the energy of formation of 
the nucleus, r  and h are respectively, the radius and height o f 
the nucleus: <t  and cr^ are the interfacial tensions, respectively 
for curved and flat surfaces o f the nucleus. We report and discuss 
here results o f the present study.
Analytical re^tgent grade (AR) samples o f KDP, thiourea and 
glycine along with double - distilled water were used in the 
present study. Aqueous solutions o f various supersaturated
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concentrations (x) (2.0, 2.1, 2.2 and 2.3 M) were prepared by 
dissolving the required am ount o f K O P and the impurity at a 
tem perature slightly higher than the saturation tem perature 
(33*’C). Supersaturation was obtained by natural cooling.
Induction periods were m easured and critical nucleation 
param eters were calculated follow ing the procedures reported 
earlier [31. Experiments were performed with six different KDP : 
impurity molecular ratios, viz. 1 : 0.0  (pure KDP), 1 : 0.002, 1 : 
0.004, I : 0.006, I : 0.008 and 1 :0.010 (/.c. impurity ccmcentraiions 
are respectively 0 ,2000,4(XX), 6000,8000 and 10000 ppm). M^lume 
o f the solutions taken in the nucleation cell was m aintained at 
20 ml in all the experim ents in the present work. Several 
nucleation runs were carried out under controlled and unstirred 
conditions. Reproducible results within an accuracy o f ± 2.5 % 
w ere ob tained . The su p ersa tu ra ted  co n cen tra tio n  was so 
considered for providing an induction period o f at least 50 s.
The results obtained in the present study are provided in 
Table 1. r , AG  » r  and h values are given only for the maximum 
supersaturated concentration (2.3 M).
For both the impurities considered in the present study, the 
values o f r  decreased and hence, the nucleation rate increased 
as the supersaturated concentration o f  the aqueous solution 
increased. It was also observed that the values o f A G » '' and h 
decreased when the supersaturation increased. This is sim ilar 
to that observed by previous authors for their systems.
Plots of In r  versus 1 / In- ( x /  x^) (not shown here ) are nearly 
linear for pure and glycine added system s. This is sim ilar to
Table I. Results obtained in the present study
Im purity  
con cen tra tion  
(m ole %)
T
(s)
AG
(k J m o Ie -1)
r
(n m )
h
(nm )
^^ 0
(m Jm "’)
CT
(m Jm ~')
a) For pure KDP 7 7 4 9 .6 5 4 0 6 18 0 .9 0 6 5 .5 3 0 7 .5 5 0
b) For thiourea added K D P
0 .2 2 0 0 I I . 6 5 7 0 .6 5 7 1 .3 1 5 5 .8 9 9 8 .0 4 8
0 .4 170 1 1 .7 3 7 0 .6 5  8 1 .3 1 8 5 9 1 2 8 .0 6 6
0 .6 1 15 12 5 5 7 0 .6 7 4 1 3 4 8 6 0 4 7 8 .2 5 0
0 .8 75 1 4 .1 7 7 0 .7 0 2 1 .4 0 4 6 .2 9 7 8 .5 9 1
1.0 55 1 5 .0 8 0 0 .7 1 6 1 .4 3 3 6 .4 2 7 8 7 6 8
c) For glycine added K D P
0 .2 7 1 2 1 0 .1 3 6 0 .6 2 8 0 .9 2 0 5 .6 2 0 7 .6 7 0
0 .4 6 0 2 1 0 .2 1 5 0 .6 2 9 0 .9 2 3 5 .6 4 0 7 6 9 0
0 .6 5 3 2 1 0 .5 8 8 0 .6 3 7 0 .9 3 4 5 .7 0 0 7 .7 8 0
0 .8 4 3 4 1 0 .7 5 7 0 .6 4 0 0 .9 3 9 5 7 3 0 7 .8 2 0
1 .0 3 1 9 1 1 .2 5 1 0 .6 5 0 0 .9 5 3 5 .8 2 0 7 ,9 4 0
* r  > A G . r  and h values are g iven  on ly  for the m axim um  supersaturated concentration  
(2 .3  M )
that observed for pure K D P by Joshi and Antony [5 j 
(NH^)2S0  ^and NH^CI added K D P by Freeda and Mahudevai 
14]. However, significant deviations from linearity areobserve( 
at lower supersaturation levels for thiourea added KDP. Simiia 
non-linearity has also been observed for KDP added with KCiO 
KjCrO^, KBr, K ^C uO ^, K N O 3, KCI, A D P and NH^NO, |4, 
10]. It has been shown [4] that this deviation is caused h\ th, 
heterogeneous nucleation due to im purities. As done bv ihi 
earlier workers, in order to reduce the effect o f hetcn>gencou 
nucleation  on the nuclea tion  param eters , the results wcii 
obtained using the slope determ ined in the linear region ot thi 
plots.
In both the impurity added systems considered in the prosen 
study, it can be noticed (see Table 1) that the induction penut 
decreased with the increase in im purity concentration. For dl 
the im purities studied .so far, it was found that the presence o 
impurity in the K DP solution decreased the induction penod 
The increase in the concentration o f  impurity further decicasc( 
the induction time. The effects o f soluble impurities ma\ hi 
caused by changing the equilibrium  solubility or the soluUni 
s tru c tu re , by a d so rp tio n  o r c h e m iso rp tio n  on nuclei o 
heteronuclei by chem ical reaction or com plex formation m iln 
solution and so on. The effects o f insoluble impurities an 
unpredictable 1 2 ].
It can be seen from Table 1 that the nucleation paiamctei 
increase with increase in impurity concentration. This is simila 
to that observed |4 , 7 - lOJ for KDP added with KC'IO^. Klh 
K^CrO^, K^CTp^, NH^Cl, NH^NO^. ADI anv 
(NH^)^SO^. Freeda and M ahadevan [4| hau 
analy.sed the effect o f inorganic impurities i>i 
the nucleation param eters o f KDP and rnaJi 
three statem ents related to the variation u 
nucleation param eters with the concentratioi 
o f  im purities in the solution. It can be sfaicc 
that in the case o f K D P added with thioine. 
and g lycine (organic  im purities having n< 
c o m m o n  ion w ith  K D P ), the nucleaimr 
p a ra m e te rs  in c re a s e  w ith  the  impurity 
concentration regardless o f density or lattae 
size o f  the impurity.
Hence, with the available data on inorganic 
an d  o rg a n ic  im p u r i t ie s ,  w e update 
statem ents o f Freeda and M ahadevan Kl as
(i) F o r K D P added  w ith impurities 
having  com m on cation (K^ )« 
nucleation parameters increase wif*’ 
im p u rity  c o n c e n tra tio n  tor 
denser impurities and decrease with 
the im purity concentration for 
rarer impurities;
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(ii) For KDP added with isomorphous impurities, the 
nucleation parameters increase with the impurity 
concentration for the impurity with larger lattice and 
decrease with the impurity concentration for the 
impurity with smaller lattice; and
(iji) For KDP added with inorganic impurities having no 
common ion and organic impurities, the nucleation 
parameters increase with the impurity concentration 
regardless o f density or lattice size o f the impurity.
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